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INTRODUCTION {#s1}
============

Liver cancer is the sixth most common cancer and the second leading cause of cancer-related deaths worldwide. Hepatocellular carcinoma (HCC) is the most common histological type of liver cancer.^[@R1]^ In Middle Eastern countries, such as Iran, the prevalence of HCC is lower compared with sub-Saharan Africa and some Far East countries.^[@R2]^ Many environmental factors, such as alcohol consumption, insulin resistance, and viral hepatitis, including chronic hepatitis B (HBV) or hepatitis C (HCV) have been evaluated for their effects on HCC susceptibility.^[@R3]^ The low incidence of HCC in Iran seems more likely to be related to low incidence of alcoholic cirrhosis and the relatively low prevalence of HBV and HCV infections.^[@R4]^ However, genetic factors might play the key role in the pathogenesis of HCC.^[@R5]^ Many studies show that the incidence of HCC is increasing in Iran.^[@R6]^ Therefore, the plan for the control and identification of this cancer is crucial.

The presence of specific single nucleotide polymorphisms (SNPs) inhuman genome has been associated with susceptibility to carcinogenesis.^[@R7],[@R8]^ Therefore, the identification of genetic factors influencing the risk of developing HCC is crucial.Previous studies have shown that the human X-ray repair cross-complementing group 1 gene (XRCC1) is an important candidate gene influencing HCC susceptibility.^[@R9],[@R10]^ This gene is a major DNA repair gene involved in base excision repair (BER) pathway.^[@R11]^ The XRCC1 Arg399Gln gene polymorphism is a common functional SNP in codon 399 of exon 10, a non-synonymous G/A.

polymorphism changing arginine to glutamine.^[@R12]^ DNA repair ability could be impaired by amino acid substitution, and this can increase the probability of cancer.^[@R13]^ Therefore, XRCC1 + 399G/A (rs25487) polymorphism may increase the risk of susceptibility to HCC. Previous studies showed that XRCC1 rs25487 could result in increased risk of tumorigenesis in HCC.^[@R12],[@R14]-[@R16]^, However, some studies have indicated that the rs25487 polymorphism has no significant association with HCC.^[@R17]^ The aim of this study was to assess whether XRCC1 (Arg399Gln) gene polymorphism affects the susceptibility of HCC in an Iranian population.

MATERIALS AND METHODS {#s2}
=====================

Study subjects {#s2-0-1}
--------------

The sample sizes were calculated as 50 for the patients and 101 for the control group. The patients with the HCC were recruited from the hospitals of Mazandaran, Tehran, Shiraz, Isfahan, Sistan and Baluchestan, and Gorgan provinces. Control individuals, were randomly recruited from Mazandaran province and were matched with the patients with HCC for age, sex, and ethnical origin. The patients with HCC were diagnosed by expert physicians based on pathological and histopathological criteria.^[@R18]^ Written informed consent was obtained from all the subject.

DNA extraction {#s2-0-2}
--------------

DNA was extracted from paraffin-embedded tissues of the patients, using a CinnaPure DNA kit (sinnaclon, Iran) according to the manufacturer's instructions, and from blood cells of the controls, using the boiling procedure. DNA concentration was determined by Picodrop UV/Vis Spectrophotometer (Picodrop Ltd, UK).

XRCC1 genotyping {#s2-0-3}
----------------

Genotyping of XRCC1 single-nucleotide polymorphism rs25487 was performed by restriction fragment length polymorphisms (RFLP) method, as previously described.^[@R19]^ The primers used were as follows: 5´TTGTGCTTTCTCTGTGTCCA3´ (Forward) and 5´TCCTCCAGCCTTTTCTGATA3´ (Reverse). Briefly, the region was amplified by polymerase chain reaction (PCR). The PCR was performed using the following conditions: an initial denaturation step at 95°C for 5 min followed by 35 cycles of 30 s at 95°C; 30 s at 61°C; 30 s at 72°C, and a final extension step of at 72°C for 5 min. The PCR products were digested through 15 min with MspI at 37°C, separated by electrophoresis on a 3% agarose gel in Tris base EDTA (TBE) buffer stained with ethidium bromide and visualized by Gel Doc Imaging System (E-Box VILBER, Japanese). MspI digestion produced 240 and 375 bp fragments for G allele and 615 bp fragment for A allele. The length of the genotype bands has been shown in [figure 1](#F1){ref-type="fig"}.

Statistical analysis {#s2-0-4}
--------------------

The association between XRCC1 genepolymorphism (rs25487) and HCC risk and the Hardy-Weinberg equilibrium exact test were performed using the online SNPstats software.^[@R20]^ The SNPstats software analyses the associations by linear or logistic regression according to the response variable.^[@R21]^ This web-based software uses the multiple inheritance models (co-dominant, dominant, recessive, overdominant, and log-additive) for SNP association analysis.^[@R21]^ Inheritance models compare Gln/Gln genotypes to Arg/Arg-Arg/Gln genotypes in recessive model and Arg/Gln-Gln/Gln to Arg/Arg genotypes in dominant model. These inheritance models, also, compare Arg/Gln genotypes to Arg/Arg-Gln/Gln genotypes in overdominant model and Gln/Gln, Arg/Arg to Arg/Arg genotypes in co-dominant model.

RESULTS {#s3}
=======

Our study included 50 patients with HCC and 101 controls aged over 57.5 years. Genotype and allelic frequencies of XRCC1 polymorphism (rs 25487) are shown in [table 1](#T1){ref-type="table"}. The genotype distribution was in Hardy--Weinberg equilibrium in both groups (*p* \> 0.05). Allele frequency for A allele in the patients with HCC was significantly higher than the healthy controls \[OR = 1.93, 95% CI (1.16 - 3.25), *p* = 0.0099\] (table 2). A significant association was observed between the genotype frequency of the patients with HCC and healthy controls under co-dominant (*p* = 0.0015), recessive (*p* = 0.0004), and overdominant (*p* = 0.019) models ([table 2](#T2){ref-type="table"}). In contrast, there was no significant association between the genotype frequency of the patients with HCC and healthy controls under dominant (*p* = 0.42) model ([table 2](#T2){ref-type="table"}).

###### Genotype and allelic frequencies of XRCC1 Arg399Gln gene polymorphism (rs25487) in cases and controls

  --------------- ---------------- ------------------ ---------------- ------------- ---------------- ------ ------
  **Variables**                    **All subjects**   **Case**         **Control**                           
  **Count**       **Proportion**   **Count**          **Proportion**   **Count**     **Proportion**          
  **Allele**      G                160                0.53             42            0.42             118    0.58
  A               142              0.47               58               0.58          84               0.42   
  **Genotype**    A/A              34                 0.23             20            0.4              14     0.14
  G/A             74               0.49               18               0.36          56               0.55   
  G/G             43               0.28               12               0.24          31               0.31   
  --------------- ---------------- ------------------ ---------------- ------------- ---------------- ------ ------

###### Association between XRCC1 Arg399Gln genepolymorphism (rs25487) and HCC(n = 151, adjusted by sex)

  ------------------ -------------- ------------- ------------------ ------------------ -------------------
  **Model**          **Genotype**   **Case(%)**   **Control(%)**     **OR (95% CI)**    ***P*** **value**
  **Co-dominant**    G/G(Arg/Arg)   12 (24%)      31 (30.7%)         1.00               0.0015
  A/G(Arg/Gln)       18 (36%)       56 (55.5%)    1.25 (0.53-2.95)                      
  A/A(Gln/Gln)       20 (40%)       14 (13.9%)    0.27 (0.10-0.70)                      
  **Dominant**       G/G            12 (24%)      31 (30.7%)         1.00               0.42
  A/G-A/A            38 (76%)       70 (69.3%)    0.73 (0.33-1.58)                      
  **Recessive**      G/G-A/G        30 (60%)      87 (86.1%)         1.00               0.0004
  A/A                20 (40%)       14 (13.9%)    0.24 (0.11-0.53)                      
  **Overdominant**   G/G-A/A        32 (64%)      45 (44.5%)         1.00               0.019
  A/G                18 (36%)       56 (55.5%)    2.30 (1.13-4.65)                      
  **Log-additive**   \-\--          \-\--         \-\--              0.51 (0.31-0.85)   0.0074
  **Allele**         G              42 (42%)      118 (58%)          1.00               0.0099
  A                  58 (58%)       84 (42%)      1.93 (1.16-3.25)                      
  ------------------ -------------- ------------- ------------------ ------------------ -------------------

DISCUSSION {#s4}
==========

HCC is the sixth most common cancer and the second cause of cancer-related death worldwide.^[@R1]^ XRCC1 is a crucial component of BER, which is the predominant DNA damage repair pathway for processing of small base lesions. So any alteration in the activity of these genes due to polymorphism can lead to the increased risk of the carcinoma development. Different studies suggested that G to A substitution at codon 399 in exon 10 of XRCC1 gene could injure the DNA repair capabilities and increase the risk of various cancers.^[@R22]^ Many research studies have evaluated the association between XRCC1 Arg399Gln gene polymorphism and HCC risk, but the results are controversial.^[@R12],[@R14],[@R16],[@R17]^

In the present study, we observed that XRCC1 + 399G/A (rs25487) polymorphism presented as a risk factor for HCC in the studied population. Our data showed that the frequency of XRCC1 + 399 A allele in the patients with HCC was significantly higher than the healthy controls (*p* = 0.0099) ([table 2](#T2){ref-type="table"}). It seems that XRCC1 + 399 A allele and Gln/Gln genotype is a risk allele for the patients with HCC. These genotyping data are opposite to some studies 17 and in line with others.^[@R12],[@R14],[@R16]^ The results, are identical to the findings of Li and colleagues who showed that XRCC1 Arg399Gln polymorphism was significantly associated with HCC susceptibility in Asian population.^[@R23]^ But X.Y.Zeng shows that XRCC1 Arg399Gln was not significantly correlated to susceptibility to HCC.^[@R17]^ Also, our study showed that the Gln/Gln genotype may increase the risk of HCC among the patients. However, Yu and co-workers have reported that the Gln/Gln genotype could have a protective effect for patients.^[@R24]^ This suggests that the increased risk of HCC might be dependent on the population and sample sizes. Different populations also have different allele frequencies, such as African, European, and Asian populations.

Genotypic analysis, also, showed that there was a significant association between the frequency of Arg/Gln and Gln/Gln genotypes among the patients with HCC and healthy controls under co-dominant and recessive models, but not under a dominant model ([table 2](#T2){ref-type="table"}). Our genetic data provide suitable information about XRCC1 + 399 polymorphism and susceptibility to HCC in Iranian population, but it is necessary to replicate the study with larger sample size.

![Electrophoresis digested products with MspI restricted enzyme. The marker (M) that used was 100 base pairs](mejdd-10-40-g001){#F1}

CONCLUSIONS {#s5}
===========

Our study showed that XRCC1 Arg399Gln polymorphism may be associated with the risk of HCC development and also, the Gln/Gln genotype may increase the risk of HCC in Iranian population. However, further studies with large sample size should be conducted to clarify the association betweenXRCC1 Arg399Gln gene polymorphism and HCC in Iranian population.
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